Forty-five organisms consisting of stock cultures and clinical isolates of bacteria and yeasts were separately inoculated into outdated blood bank blood to achieve a concentration of approximately 100 CFU/ml. Blood with each organism was introduced into groups of four Isolators (E. I. du Pont de Nemours & Co., Inc., Wilmington, Del.), which were then processed according to the Isostat instructions of the manufacturer. The supernatant, sediment, and wash (material removed from the surface of the slanted stopper after sediment removal) were inoculated onto 5% sheep blood agar plates. Cultures were incubated aerobically (5 to 10% C02) at 35°C for 48 to 72 h. From the 180 Isolators, the mean recovery was 6% (range, 0 to 48%) for the supernatant, 87% (range, 47 to 98%) for the sediment, and 8% (range, 3 to 23%) for the wash. Neither variation among technologists nor intentional misalignment of additional Isolators in the centrifuge could explain all of the losses of microorganisms from the sediment. The manual nature of the Isolator procedure, which led to the loss of significant amounts of organisms from the sediment, may help to explain false-negative Isolator results obtained from blood of patients, particularly when small numbers of pathogens are present.
While most studies on the Isolator (E. I. du Pont de Nemours & Co., Inc., Wilmington, Del.) report that it enables the recovery of significantly more bacteria and fungi from the blood than do conventional bottle systems, the lysis-centrifugation device nevertheless failed to detect from 9 to 29% of the pathogens in these studies (1, 2, (4) (5) (6) (8) (9) (10) (11) (12) . One of the assets of the Isolator is the frequency with which it detects very small numbers of pathogens which may be missed by bottle systems. In one study (9) , 50% of the pathogens recovered by the Isolator yielded a total of 10 colonies or less from 10 ml of blood; 18% were recovered as a single colony. Kiehn et al. (11) similarly reported that 52% of their positive Isolator cultures contained less than 1 CFU/ml of blood. It appears, therefore, that bacteremia and fungemia are frequently associated with very low levels of organisms in the blood. Low-level bacteremia and fungemia may also be an important factor in trying to explain the occasional failure of the Isolator to detect pathogens in the blood. It is reported that 67% of the patients with falsenegative Isolator results were not treated with appropriate antimicrobial agents for at least 1 week before specimen collection (9) . Of those patients with one or more positive Isolator cultures and at least one false-negative Isolator culture, 10 of 14 (71%) showed a low quantitative recovery ('1.0 CFU/ml) from each positive culture. False-negative Isolator cultures, therefore, appear less related to antibiotic pretreatment than to low numbers of organisms in the blood, volume of blood sampled, and possibly the extensive manipulations necessary in processing the Isolator.
No blood culture system alone, including the Isolator, appears to be sufficiently sensitive for the recovery of bacteria and yeasts (5, 6, (8) (9) (10) (11) . Because of the combined labor and material expenses associated with the routine use of both the Isolator and an additional bottle system, it would obviously be more cost-effective if the recovery rate of the Isolator could be improved enough to use the device as a single blood culture system. The present study was under-* Corresponding author.
taken to discover the extent to which organisms may be lost from the 10-ml Isolator sediment during the normal processing of the tube. (Table 2 ). Organisms which were inadvertently resuspended back into the supernatant after centrifugation or which remained on the slant after sediment removal ranged from only 3 to 53% of the total recovered from Isolator fractions and accounted almost equally for the diminished recovery from the sediment. Although the mean total recovery from combined Isolator fractions was close to 100% of the amount calculated for the seeded blood samples from direct culturing, recovery ranged from about one-half to twice the calculated amount.
MATERIALS AND METHODS
Significantly more gram-positive than gram-negative bacteria were recovered from the Isolator sediment (P < 0.01; Table 3 ). Significantly more yeasts than either total bacteria (P < 0.001) or gram-negative bacteria (P < 0.001) were recovered from the sediment, but the difference with grampositive bacteria was not significant. There were no significant differences among the microorganisms in the relative amounts remaining on the Isolator slanted stoppers after sediment removal. The differences in recovery from the sediment reflected the different amounts of organisms lost to the supernatant. Significantly more gram-negative bacteria were resuspended back into the supernatant than were either gram-positive bacteria (P < 0.001) or yeasts (P < 0.001).
Each of the three technologists who processed the Isolators recovered more yeasts than bacteria from the centrifuged sediment, but those differences in recovery of organisms were significant only for technologists 2 (P < 0.001) and 3 (P < 0.01; Table 4 ). There were no significant differences among the technologists in amounts of either (Table 5 ).
DISCUSSION
The previously reported variation between the recovery of organisms on plates directly inoculated from microbial suspensions and the recovery from Isolators processed with the same suspensions (7) was observed in this study. This variation may have been due, in part, to the 0.5-h exposure of the organisms within the Isolator to the blood and the known antibacterial effects of the serum (7) as well as other variables in such a biological assay.
From the results of the present study, it appears that approximately 13% of the viable organisms contained within the Isolator will not be recovered from its sediment. These organisms will be either inadvertently resuspended back into the supernatant after centrifugation or left behind on the slant after sediment removal. The range of recovery of microorganisms from the sediment (47 to 98%) indicates the extreme sensitivity of current Isolator-Isostat technology, even in experienced hands, to human error.
The amount of microorganisms left on the slant varied less frequently among the three technologists than did the amount lost to the supernatant. This loss to the supernatant may be controlled by close supervision and periodic retraining of the technical staff. The pellet of microorganisms formed on the Isolator slant after centrifugation appears to be very fragile. It is therefore necessary to avoid even the slightest disturbance of the Isolators while handling them after centrifugation, especially during the Isostat processing before withdrawal of the supernatant. Our concern about careful alignment of each Isolator slant within its centrifuge cup (according to the instructions of the manufacturer) does not appear to be justified, since misalignment did not increase organism resuspension and loss from the sediment. The amount of microorganisms remaining on the slant after sediment removal can be minimized by a second entry into the Isolator with the sediment withdrawal pipette to recover the last few drops. This step has been a routine practice in this laboratory since the introduction of the Isostat top-entry technique, without any increase in contamination rate. The finding that a greater percentage of yeasts than bacteria were recovered from the Isolator sediment (fewer yeasts were lost to the supernatant) may explain, in part, the excellent recovery of yeasts reported in other clinical studies (2, 6, 11) .
The more manual the technology, the more it appears likely that human errors will be made and organisms lost, resulting in falsely negative cultures. Ideally, the processing of Isolators after centrifugation should be automated by DuPont in a cost-effective way to minimize loss of microorganisms from the sediment and provide a recovery rate which would enable the Isolator to be used as a single blood culture system.
